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SPECIFICATION 

IN-PLANE SWITCHING LIQUID CRYSTAL DISPLAY AND METHOD FOR 

MANUFACTURING THE SAME 

BACKGROUND OF THE INVENTION 

1 . FIELD OF THE INVENTION 

[0001] The present invention relates to a liquid crystal display and method for 
manufacturing the same, and particularly to an in-plane switching liquid crystal 
display (IPS LCD) and method for manufacturing the same. 

2. THE PRIOR ART 

[0002] A typical IPS LCD includes two substrates opposite to each other, and a 
liquid crystal layer interposed therebetween. Liquid crystal molecules in the 
liquid crystal layer are twisted according to two alignment films, which are 
disposed on the two substrates respectively. In order to obtain a horizontal 
electric field parallel to the two substrates, a plurality of electrodes, which include 
pixel electrodes and common electrodes, are formed on a same substrate. When a 
voltage is applied across the two electrodes, the twisting direction and the 
birefringence characteristic of liquid crystal molecules in the liquid crystal layer 
are changed due to the horizontal electric field. Therefore, the liquid crystal 
display can display images. One important factor is an alignment direction of the 
liquid crystal molecules, which is controlled by the two alignment films and used 
to adjust the interaction between the substrates and the liquid crystal molecules. 
[0003] An IPS LCD 1 is described in China Pat. Pub. No. 1,188,244A 
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published on July 22, 1998, as shown in FIG. 3. The IPS LCD 1 includes a first 
substrate 11, a second substrate 12, and a liquid crystal layer 13 including a 
plurality of liquid crystal molecules (not labeled) interposed therebetween. 
[0004] The first substrate 11 includes in turn a first transparent sheet 111, a 
color filter layer 112, and a first alignment film 113 facing to the liquid crystal 
layer 13. The second substrate 12 includes in turn a second transparent sheet 121, 
an insulating layer 124, and a second alignment film 125 facing to the liquid 
crystal layer 13. A. plurality of electrodes 122 and thin film transistors 123 are 
formed between the second transparent sheet 121 and the insulating layer 124. 
[0005] The first and second alignment films 113 and 125 respectively have an 
anticipated alignment direction, and the first alignment film 1 1 3 is formed by an 
alignment treatment, for example, a rubbing process. The rubbing process 
includes the following main steps: coating alignment materials uniformly on one 
surface of the color filter layer 1 12, facing to the liquid crystal layer 13; curing the 
alignment materials; rubbing the cured alignment materials along an anticipated 
direction to form the alignment film 113. While the second alignment film 125 is 
not treated by the alignment treatment. Therefore, the first alignment film 113 
has a stronger alignment force than the second alignment film 125. 
[0006] When a voltage is applied across the electrodes 122, a horizontal 
electric field 14 is produced, which is parallel to the two substrates 1 1 and 12. An 
intensity of the horizontal electric field 14 is gradually decreased as a distance 
between the horizontal electric field 14 and the first substrate 11 decreased. The 
alignment force of the first and the second alignment films 113, 125 is increased as 
a distance between the horizontal electric field 14 and the first substrate 11 
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decreased. Therefore, the liquid crystal molecules adjacent to the first substrate 
1 1 are treated by a weak horizontal electric field intensity and a strong alignment 
force, while liquid crystal molecules adjacent to the second substrate 12 are treated 
by a strong horizontal electric field and a weak alignment force. As a result, the 
liquid crystal molecules adjacent to the first substrate 11 have smaller twisting 
angles than those adjacent to the second substrate 12, which lead to a poor 
transmission ratio of the IPS LCD 1 . In order to eliminate the problem, a higher 
voltage is needed in the IPS LCD 1 to make the liquid crystal molecules twist at a 
same angle. 

[0007] Furthermore, the first alignment film 113 is formed on the color filter 
layer 1 12 by an alignment treatment, which may damage the color filter layer 112. 
[0008] An improved IPS LCD and method for manufacturing the same that 
overcomes the above-mentioned disadvantages is desired. 

SUMMARY OF THE INVENTION 
[0009] An object of the present invention is to provide an IPS LCD which has 
a high transmission ratio and low power consumption. 

[0010] In order to achieve the object set forth, an IPS LCD in accordance with 
the present invention comprises a first substrate, a second substrate, and a liquid 
crystal layer interposed between the first and second substrates. The first 
substrate includes a first transparent sheet. The second substrate includes in turn 
a second transparent sheet, an insulating layer and an alignment film. A plurality 
of electrodes and a thin film transistor formed between the second transparent 
sheet and the insulating layer. The alignment film has an alignment structure 
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thereon. The IPS LCD has a high transmission ratio, and which is low power 
consumption. 

[0011] Other objects, advantages and novel features of the invention will 
become more apparent from the following detailed description when taken in 
conjunction with the accompanying drawings, in which: 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0012] FIG. 1 is a schematic, cross-sectional view of one sub-pixel area of an 
IPS LCD according to the present invention; 

[0013] FIG. 2 is a schematic, cross-sectional view taken along a line of II-II of 
FIG. 1 , shown without an electric field thereat; 

[0014] FIG. 3 is a schematic, cross-sectional view of one sub-pixel area of a 
conventional IPS LCD. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0015] FIG. 1 is a schematic view of one sub-pixel area of an IPS LCD 2 
according to the present invention. The IPS LCD 2 includes a first substrate 21, a 
second substrate 22, and a liquid crystal layer 23 having a plurality of liquid crystal 
molecules (not labeled) interposed therebetween. 

[0016] The first substrate 21 includes in turn a first transparent sheet 211, and 
a color filter layer 212 facing to the liquid crystal layer 23. The second substrate 
22 includes in turn a second transparent sheet 221, an insulating layer 224, and an 
alignment layer 225 facing to the liquid crystal layer 23. A plurality of electrodes 
222 and thin film transistors 223 are formed between the second transparent sheet 
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221 and the insulating layer 224. An alignment structure 226 is provided on a 
surface of the alignment film 225, which faces the liquid crystal layer 23. 
Together with the FIG. 2, the alignment structure 226 has an alignment direction 
(denoted by arrow). When no voltage is applied across the electrodes 222, the 
liquid crystal molecules are aligned along the alignment direction according to the 
lowest energy principle. 

[0017] When a voltage is applied across the electrodes 222, a horizontal electric 
field 24 is produced, which is parallel to the first and the second substrate 21, 22. 
The horizontal electric field has an inclination to the alignment direction, the best 
inclination is 90 degree. An intensity of the horizontal electric field 24 and an 
alignment force of the alignment film 225 are both gradually decreased as a 
distance between the horizontal electric field 24 and the first substrate 21 
decreased, because the first transparent sheet 21 1 has not an alignment film. As a 
result, the liquid crystal molecules are twisted in an essentially same angle by the 
cooperation of the electric field force and the alignment force, which leads to a 
high transmission ratio. Because the liquid crystal molecules adjacent to the first 
transparent sheet 211 are easy to twist due to the weak alignment force, so that the 
IPS LCD 2 can work at a lower voltage. 

[0018] A method for manufacturing the IPS LCD 2 includes the following 
main steps: providing the first transparent sheet 211 and the second transparent 
sheet 221 facing each other, and attaching the color filter layer 212 on the first 
transparent sheet 21 1 to form the first substrate 21; forming the electrodes 222 and 
the thin film transistor 223 on the second transparent sheet 221; forming the 
insulating layer 224 on the electrodes 222 and the thin film transistor 223; forming 
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the alignment film 225 with the alignment structure 226 on the insulating layer 224 
to form the second substrate 22; assembling the first substrate 21 and the second 
substrate 22 to form a liquid crystal box; and injecting the liquid crystal molecules 
into the liquid crystal box to form the IPS LCD 2. 

[0019] The alignment film 225 with the alignment structure 226 on the 
insulating layer 224 is performed by a rubbing process. In the rubbing process, a 
high-molecular film of polyimide is formed on the insulating layer 224 and rubbed 
with a cloth which is covered with a large number of fibers like velvet. As a 
result, the alignment film 225 with the alignment structure 226 is defined. The 
rubbing process is simple and inexpensive. Alternatively, the alignment structure 
226 can be formed on the alignment film 225 by other processes, such as an 
ultraviolet alignment or a lithographic alignment, etc. The high-molecular film 
can be made of polyethylene, polystyrene, or the like. 

[0020] It is to be understood, however, that even though numerous 
characteristics and advantages of the present invention have been set forth in the 
foregoing description, together with details of the structure and function of the 
invention, the disclosure is illustrative only, and changes may be made in detail, 
especially in matters of shape, size, and arrangement of parts within the principles 
of the invention to the full extent indicated by the broad general meaning of the 
terms in which the appended claims are expressed. 
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